Purpose: This study was designed to quantify and characterize the variations of hemodynamic parameters for those large cerebral aneurysms with outflow vessel in the plane of main vortex. Materials and Methods: A total of 19 consecutive patients with large cerebral aneurysms were constructed with the data of digital subtraction angiography. Those large cerebral aneurysms with outflow vessel in the plane of main vortex were included. Blood flow was hypothesized to be laminar and incompressible and blood Newtonian fluid. Computational fluid dynamics ICEM and Fluent software were used to simulate the computational hemodynamics of large cerebral aneurysms. Results: Hemodynamics parameters result of computational fluid dynamics showed that the velocity in the aneurysm neck, impact fields and the origin area of outflow vessels was obvious higher than that in the aneurysm sac and aneurysm dome. Wall shear stress was obvious higher in aneurysm neck, impact fields and the origin area of outflow vessels than that in the aneurysm sac and aneurysm dome. Conclusions: The location of outflow vessel played an impact on the level of blood flow within aneurysm sac for those large cerebral aneurysms with outflow vessel in the plane of main vortex.
Introduction
Hemodynamic status is regarded as one of the most significant factors responsible for the growth, development and rupture of cerebral aneurysms [1] . Hemodynamic variables such as flowpattern, wall shear stress (WSS) and wall shear stress gradient (WSSG) have been hypothesized to be the causes of aneurysms [2] [3] . The previous published reports also showed that the rupture risk of large aneurysm was higher than that of small aneurysms [4] [5] . Therefore, it is very important and essential for clinicians to master the hemodynamic status of aneurysms to evaluate and predict rupture risk, which is helpful in preoperative planning and preemptive treatments of cerebral aneurysms. In this study, using computational fluid dynamics (CFD) and angiographic image analysis, our objectives are to quantify and characterize the variations of hemodynamic parameters for those large cerebral aneurysms with outflow vessel in the plane of main vortex.
Material and Methods

Patient Data
Both study subject of Ethics Committee of our hospital is approved and written informed consent to participate in the study is provided. All the clinical records and radiologic images were reviewed and evaluated. A total of 19 consecutive patients, from February 2011 to May 2013, with large cerebral aneurysms with outflow vessel in the plane of main vortex, admitted to the Interventional Neuroradiology Department and imaged by digital subtraction angiography (DSA) are included in this study. Of those patients, age ranges from 32 to 63 years, with the average age of 49 years. Of which seven patients are males, accounting for 36.8% of our people.
Image Data
All catheter angiograms were performed by standard transdermal catheterizations of the cerebral arteries. Digital subtraction angiography imaging was performed on an uniplane unit (Philips Healthcare, Best, the Netherlands). Three-dimensional reconstruction of angiographic was performed in all 19 patients, with a result that the wideneck was larger than 15 mm. In the data of the 19 large cerebral aneurysms, all located in posterior communicating artery. Of which, eight aneurysms were located in left posterior communicating artery, and the remained in right posterior communicating artery.
Numerical Simulation of Hardware and Software
The main hardware for professional work Station is Intel XeonE5 processors, 16 cores, memory 64 GB, hard disk 2000 GB. The main software is Fluent 13.0 (ANSYS company, USA), ANSYS CFD ICEM 13.0 (ANSYS company, USA).
Hemodynamics Modeling
Hypothesised that Newtonian fluid was viscous fluid with laminar flow, the controlled equations of which is non-steady incompressible Navier-Stokes equations [6] . Reynolds number of intravascular was ranging from 600 to 700, the density of fluid was 1.05 × 10 3 kg/m 3 , the viscosity coefficient of fluid was 0. 0035 Pa·s. It's also hypothesised that vessel wall and aneurysm wall were rigid walls, vessel inlet conditions was set as pulsating flow obtained using Doppler ultrasound and vessel export conditions was set as free flow. Methods of numerical simulation was proceeded as follows, the angiography images and records of cerebral aneurysms were obtained using the DSA post-processing workstation, the process, including triming and smoothing the small branches of vessel wall was furthermore performed. Therefore, the three-dimensional construction model of aneurysm and parent artery was established [5] [7] . The three-dimensional construction model of aneurysm was firstly meshed in ANSYS CFD ICEM 13.0 (ANSYS company, USA), and hemodynamic numerical simulation was then performed in Fluent 13.0 (ANSYS company, USA).
Data Collection
The computed artery and aneurysm flow fields were visualized by using a variety of techniques, including the following: 1) isovelocity surfaces to depict the aneurysm inflow stream; 2) velocity magnitudes on cut planes to depict the inflow jets and velocity profiles at the multiple dots; and 3) shaded surfaces to depict the distribution of wall shear stress magnitudes. The multiple dots contained the impact of aneurysm flow, aneurysm neck, aneurysm body, aneurysm tip, and aneurysm parent artery (including both sides of 0.5 cm from aneurysm neck). Spss 17.0 was used to data analysis.
Results
Both the relative location of outflow vessels of large intracranial aneurysms and the incident direction of blood flow affect the blood flow levels in aneurysm sac. After the blood flow entering into the aneurysm sac along the aneurysm wall, and then the most obvious vortex was firstly formed. In the present study, the plane with the most obvious vortex was defined as the main vortex. Those large cerebral aneurysms with outflow vessel in the plane of main vortex were included.
Streamlines and Velocity
After inlet flow across the aneurysm neck from the parent aneurysm artery, the inlet flow, impacting on the lateral wall of aneurysm, formed an impact field, and then flowed along the aneurysm wall to the outlet of aneurysm. Due to outlet vessels located in the plane of main vortex, the shunt effect was obvious in the outflow vessels, only remained a weak and slow vortex in the aneurysm sac. Hemodynamics parameters result of CFD showed that the velocity in the aneurysm neck, impact fields and the origin area of outflow vessels was obvious higher than that in the aneurysm sac and aneurysm dome ( Table 1 and Figures 1(a)-(f) ).
Wall Shear Stress
Wall shear stress distribution in aneurysm sac was similar as the blood velocity distribution, that is, wall shear stress was obvious higher in aneurysm neck, impact fields and the origin area of outflow vessels. On the contrary, wall shear stress was lower in the fields of aneurysm sac and aneurysm dome ( Table 1 and Figures 1(a)-(f) ).
Discussion
It is considered that the incidence of unruptured cerebral aneurysms was as high as 4.1% in population [7] - [9] . In addition, the diagnosed rate of unruptured cerebral aneurysms was raised apparently due to the development of noninvasive cerebral vascular imaging techniques, such as computed tomography angiography and magnetic resonance angiography. Cerebral aneurysm is a life-threatening disease due to the high rupture risk, thromboembolic, or compression of adjacent tissue. In recent published reports, CFD was used to study the cerebral circulation in an early stage. However, few had attempted to simulate hemodynamics, especially in outflow vessel in the plane of main vortex of large cerebral aneurysms [10] [11] .
The present study was designed to identify the hemodynamic parameters, such as streamlines, velocity and WSS for large cerebral aneurysms with outflow vessel in the plane of main vortex. In the present study, intraaneurysmal hemodynamic forces, particularly streamlines, velocity and WSS, which were the tangential force produced by blood moving along the endothelial surface. There were more and more evidences showed that it played an important key in the evolution of aneurysmal disease [12] - [15] . These hemodynamic parameters were impacted on endothelial cell and leaded to changes the cell shape and structure. In the previous published reports, data showed that high WSS was demonstrated to initiate aneurysm formation, whereas low WSS leads to spatial disorganization of endothelial cells and a disregulation of antioxidant and antiinflammatory mediators resulting in arterial wall remodeling [5] [14] [16] . These factors could also be major contributors to aneurysm growth, due to slow recirculating flow, which leaded to large regions of low WSS could be observed in most aneurysms.
In the previous data of recent years, many studies on hemodynamics of cerebral aneurysms showed that large cerebral aneurysms possessed higher risk of rupture than small aneurysms, other than that the large cerebral aneurysms may be related to the hemodynamics [8] [17] . In addition, the hemodynamic features were different between large cerebral aneurysms and small cerebral aneurysms. In our series of large cerebral aneurysms with outflow vessel in the plane of main vortex, only triming and smoothing the small branches of vessel wall was furthermore performed, only leading to mimic effect on the CFD results.
From the view of fluid mechanics, geometry form between cerebral aneurysm and parent artery played a de, cisive impact on the flow field in aneurysm sac. In previous reports, data showed that aneurysm aspection ration vascular curvature of parent artery also affected the blood flow level [13] [18] [19] . In the present study, the result of CFD also demonstrated that the location of outflow vessels played an impact on the blood flow. In compared with the small cerebral aneurysms, it's more complex for large cerebral aneurysms between dome and outflow vessel, and large cerebral aneurysms were more difficult to define as side aneurysm or tip aneurysm [20] . In the present study, low velocity and wall shear stress in aneurysm sac and aneurysm dome were found in those large cerebral aneurysms with outflow vessel in the plane of main vortex, which may be one of the factors for those aneurysms in predicting rupture. There were several limitations in the present study. Firstly, the samples were small, and need more samples to identify the location of outflow's effect on hemodynamics. Secondly, the location of aneurysm, aneurysm neck size and other aneurysm morphology factors may also play a key role in blood flow. Therefore, these bias described above should be taken into consideration in followed study. 2.006e+000
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Conclusion
The location of outflow vessel played an impact on the level of blood flow within aneurysm sac for those large cerebral aneurysms with outflow vessel in the plane of main vortex.
